W e have recently shown that several hemostatic variables are associated with incident ischemic heart disease (IHD) in a population sample of men from South Wales (the Caerphilly Study). Measures of fibrinolytic activity included fibrin D-dimer (a marker of fibrin turnover), tissue plasminogen activator antigen (tPA), and plasminogen activator inhibitor activity (PAI-1). 1 D-dimer appeared an independent predictor of IHD. Plasma tPA was also associated with increased risk of IHD, but this association was largely explained by the association of tPA antigen with lipid levels. The association of PAI-1 activity with IHD was nonsignificant. A marker of endothelial dysfunction, von Willebrand factor antigen (vWF), was also independently associated with subsequent risk of IHD. 2 Plasma fibrinogen, viscosity, and white cell count were also associated with incident IHD. 3 Fibrinogen has been previously shown to be a risk factor for IHD in numerous prospective studies 4 and has been previously associated with smoking habit, 5 alcohol consumption, 6 and levels of habitual physical activity. 7 We have reported that a heat-precipitation nephelometric assay of fibrinogen was a better predictor of IHD than the Clauss assay of clottable fibrinogen (Sweetnam et al 8 ) .
Several personal characteristics, both fixed and modifiable, are known or suspected to be associated with cardiovascular disease. 9 These are often broadly grouped under the heading "lifestyle factors" and include smoking habit, alcohol consumption, body mass index, social class, and habitual physical activity, both at work and during leisure. In this present study, we examine the contribution of these lifestyle factors to the variation in plasma levels of these hemostatic variables in a sample of middle-aged men. We also consider the effects of age, the time of blood sampling, and the use of prescribed medication as an index of chronic illness.
Methods

Study Populations and Design
The original cohort of 2512 men aged 45 to 59 years was recruited between 1979 and 1983, and since then they have been reexamined at 5-year intervals. The men who are the subject of this report are those who were seen at the first reexamination between 1984 and 1988, when they were aged 49 to 65 years. Men of the same age who had moved into the defined geographical area since the original recruitment were also eligible to be examined. A total of 2398 men attended the evening clinic, and a fasting blood sample was obtained from 2223 (93%) of them.
The general design and methods of the Caerphilly Study have been described elsewhere. 10, 11 Briefly, at each examination, the men were invited to attend an afternoon or evening clinic at which a detailed medical and lifestyle history was obtained, the London School of Hygiene and Tropical Medicine chest pain questionnaire 12 was administered, a full 12-lead ECG was recorded, and height, weight, and blood pressure were measured. Alcohol consumption was determined by the use of a self-administered questionnaire checked at the clinic and converted from standard units of volume to milliliters of pure alcohol per week. 13 Habitual physical activity was assessed for work-related activity by use of the Health Insurance Plan questionnaire, 14 and a detailed questionnaire derived from the Minnesota Leisure Time Activity questionnaire 15 was used to estimate the mean daily leisure time energy expenditure. The men were then invited to return, fasting, to an early morning clinic at which a blood sample was taken.
Blood Collection, Storage, and Analysis
Blood was taken between 7:00 AM and 10:00 AM for 91% of the men, before 7:00 AM for 7%, and between 10:00 AM and 11:00 AM for 2%. Centrifugation of citrated blood was carried out within 1 hour, and samples were stored at Ϫ70°C. For D-dimer, tPA, vWF, PAI-1, and clottable fibrinogen, assays were carried out with the use of these stored samples. One batch of samples was unavailable for the present analysis, so that D-dimer and tPA antigens were measured for a total of 1998 fasting samples. Another batch had been thawed on one occasion and was therefore unsuitable for PAI-1 activity, which was measured for 1569 samples. The measurements were made during 1994, when the plasma had been stored for between 6 and 10 years. ELISAs were used for measurement of D-dimer (AGEN) and tPA (Biopool). PAI-1 activity was measured by use of a chromogenic assay (Chromogenix). Clottable fibrinogen was later measured by an automated Clauss assay in a Coag-A-Mate X 2 coagulometer (Organon Teknika) with the use of a separate stored plasma sample. One third of these samples had previously been used for another purpose, so that a total of only 1378 samples were available.
Fresh dipotassium edetate-anticoagulated samples were used to measure nephelometric fibrinogen, plasma viscosity, and white cell count as described previously. 5 Lipoprotein(a) [Lp(a)] was measured by using a 2-site immunoradiometric assay (Pharmacia). 16 Homocysteine was measured by high-performance liquid chromatography. 17 ␣ 2 -Macroglobulin or ␣ 1 -antitrypsin was measured nephelometrically with Beckman antisera kits. Lipid measurements were made by using enzymatic assays as described previously. 11
Statistical Methods
The 8 hemostatic factors were used, in turn, as the dependent variables in a series of multiple regression analyses. In each, the independent variables were age, time of blood sample, and each of the lifestyle factors. Therefore, the analyses show how the level of each hemostatic factor varies with any particular lifestyle factor after adjusting for age, time of day, and all the other lifestyle factors. The results are presented, in Tables 2 to 8 , as the adjusted means of each hemostatic factor at various levels of the particular lifestyle factor. For the categorical lifestyle factors, such as smoking habit and the use of prescribed medicines, clearly defined categories of adequate size were used. For the continuous variables, such as body mass index and alcohol consumption, the levels were obtained by dividing the variable into 5 equally sized groups. The one exception was age, which was divided into 3 groups: Ͻ55, 55 to 59, and Ն60 years.
The distributions of all 8 hemostatic factors have a positive skew, and all were transformed to logarithms. For each, this transformation produced a more nearly symmetric gaussian distribution and stabilized variances. The means in Tables 2 to 8 are thus geometric means. For the categorical variables, tests of significance compared each adjusted mean value with that for a baseline group, such as the men who had never smoked or were taking no prescribed medicine. For the other variables, a test for trend was obtained by replacing the grouped variable with the original continuous value. These were tests for linear trend, with the exception of body mass index, for which a quadratic trend was also fitted.
No measure of the variation in the geometric means is given in Tables 2 to 8 in an attempt to retain clarity. Instead, Table 1 , which presents the basic characteristics of each hemostatic factor, also gives the 95% CI for geometric means based on 100, 400, and 900 men. These numbers cover the range of sizes of the subgroups, most of which contain Ϸ400 men. These CIs assume that the variance in the subgroup is the same as in the whole cohort. This assumption generally holds well after the variance-stabilizing logarithmic transformation. The descriptive statistics shown in Table 1 are given for the maximum number of results available from fasting blood samples for each of the hemostatic tests.
The regression analyses are based on 2166 men who had no missing values for any of the nine lifestyle factors and had given a fasting blood sample. Measurements of hemostatic factors were not available for all 2166 men; the numbers available were 2131 for white cell count, 1946 for D-dimer, 1527 for PAI-1, and 1346 for clottable fibrinogen. The numbers for plasma viscosity and nephelometric fibrinogen were similar to those for white cell count, and the numbers for tPA and vWF were similar to those for D-dimer.
Because of the large number of subjects, even very weak associations between the hemostatic and lifestyle factors are statistically significant at the usual 5% level. We have also carried out many tests of statistical significance. To minimize these effects and to try to make the pattern of associations clearer, we have chosen the 1% level as our level of statistical significance. Where a probability is Ͻ1%, the exact probability is given, unless PϽ0.0001. If the probability is Ͼ1%, it is deemed to be not statistically significant. Table 1 shows the descriptive data for the 8 hemostatic variables. *Assumes that the SD in the subgroups of 100, 400, and 900 men is the same as in the whole group.
Results
The Figure summarizes the data shown in Tables 2 to 8 Table 2 shows that all variables considered (with the exception of white cell count) were associated with age. The majority increased with age, but PAI-1 activity decreased.
Venous blood samples were taken after an overnight fast. In order not to disrupt the normal lifestyle of working men, such samples were taken between 4:00 AM and 11:00 AM, giving rise to possible variation in values due to differing circadian rhythms. Table 3 shows that only tPA antigen and plasma viscosity were significantly associated with time of blood sampling; early samples were associated with lower values. Table 4 shows the variation in hemostatic factors with smoking habit. The majority of variables were strongly associated with smoking habit; the strongest associations were for white cell count, fibrinogen, viscosity, and tPA. There were weaker associations with D-dimer and PAI-1. Dose-dependent relations between the amount of tobacco smoked were usually weaker or absent. Larger effects were seen between lifetime abstainers and exsmokers.
Personal and lifestyle variables showing statistically significant associations with each hemostatic variable after adjustment for all 8 other personal and lifestyle variables. A total of 9 variables were examined: age, smoking habit, alcohol consumption, body mass index (BMI), leisure and work activity, social class, use of prescribed medicines, and time of blood sampling. Table 5 shows that associations between the hemostatic factors and alcohol consumption are variable both in magnitude and direction. The strongest associations were the positive ones with tPA and PAI-1. Negative associations were seen with both clottable fibrinogen and white cell count and, to a lesser extent, with nephelometric fibrinogen.
Body mass index is examined in Table 6 . Strong positive linear associations were shown for plasma viscosity, nephelometric (but not clottable) fibrinogen, and PAI-1. tPA showed both strong linear and quadratic associations; the quadratic components reflected the tendency for the rate of increase of tPA to decrease with increasing body mass index. vWF showed only a nonlinear association.
Only 2 factors, D-dimer and vWF, showed a statistically significant association with leisure activity as assessed by the Minnesota Leisure Time Activity questionnaire (Table 7) . Both decreased as leisure time activity increased. Fibrinogen and plasma viscosity also both decreased as activity increased, but the changes were small and not statistically significant. Work-related physical activity showed no independent relation to any of the hemostatic factors studied (data not shown). Table 8 shows the mean values for the hemostatic factors in subjects who were taking prescribed medicines and in those who were not. Such a measure may be used as a proxy measure for any subjects with long-standing (or, less frequently, short-term) illness, which may affect the variables. This shows that the majority of variables, with the exception of tPA, PAI-1 activity, and vWF, were affected by use of The geometric mean values are given adjusted for 8 other personal characteristics (time of blood sampling, smoking habit, alcohol consumption, body mass index, leisure and work activity, social class, and use of prescribed medicines. Numbers given are for white cell count. Numbers are similar for nephelometric fibrinogen and plasma viscosity. They are 9% lower for D-dimer, tPA, and vWF antigen, 28% lower for PAI-1, and 37% lower for clottable fibrinogen.
prescribed medication or by the underlying pathology or by both.
The relation between social class and hemostatic variables was also examined. Only fibrinogen, measured nephelometrically, and plasma viscosity showed a significant trend with social class (data not shown).
To examine the relation between hemostatic factors and other cardiovascular risk markers, we calculated bivariate Pearson correlation coefficients for these variables. Table 9 shows these results.
Both tPA and PAI-1 activity were strongly associated with all major cardiovascular risk factors, whereas D-dimer and vWF showed almost no such associations. The acute phase reactants, ␣ 2 -macroglobulin and ␣ 1 -antitrypsin, showed associations with all hemostatic factors except PAI-1; tPA correlated only with ␣ 2 -macroglobulin. Lp(a) correlated only with clottable fibrinogen, whereas homocysteine showed only weak correlations with D-dimer, PAI-1, vWF, and white cell count. The values of the correlation coefficients are given after logarithmic transformation but are very similar for untransformed data.
Discussion
These results show a series of statistically and clinically significant associations between several modifiable lifestyle variables and certain hemostatic variables, which are both risk predictors for IHD and biologically relevant to its pathogenesis. The advantages of our data set are as follows: (1) it comes from a well-defined cohort study, comprising the majority of middle-aged men in a defined geographical area, Caerphilly 10,11 ; (2) the hemostatic variables studied have all been related to risk of incident IHD in this cohort [1] [2] [3] ; and (3) the relations between individual lifestyle variables and hemostatic variables have been clarified by statistical adjustment for other lifestyle variables and also for age, time of blood sample, and prescribed medications. The 95% CIs shown in Table 1 provide a guide for the relative strengths of the trends shown in Tables 2 to 8 .
The increases with age (between 49 and 65 years) for most variables shown in Table 1 are consistent with the literature for D-dimer, 18, 19 tPA antigen, 18, 20 vWF antigen, 18, 21 fibrinogen, 6 and plasma viscosity. 22 The lack of increase in white cell count 22 and small decrease in PAI-1 activity 18, 20 are also consistent with previous data. Diurnal variations (Table 3) in tPA antigen have also been reported. 20 These effects of age and time of blood sample were adjusted for in analyses of lifestyle variables and hemostatic factors.
The increases with smoking habit shown in Table 4 are also consistent with the literature for D-dimer, 19 tPA antigen, 23 PAI-1 activity, 6, 23, 24 vWF antigen, 21 fibrinogen, 4,5,6,18,22 viscosity, 5, 18, 22 and white cell count. 5, 18, 22 In longitudinal analyses, however, D-dimer, 1 tPA, 1 vWF, 2 fibrinogen, 3,4,10 viscosity, and white cell count 3 were associated with subsequent IHD, independent of smoking habit. It has been previously suggested that the association between smoking habit and subsequent IHD may be mediated, at least in part, by these hemostatic variables, 25 especially fibrinogen. 26, 27 The present data suggest that the increases in D-dimer, tPA, PAI-1, fibrinogen, viscosity, and white cell count are partly reversible in exsmokers and that these changes are not due to Table 2 legend.
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concurrent changes in other lifestyle variables. If so, then the reductions in thrombotic tendency and plasma viscosity may partly explain the rapid reduction in IHD risk that follows cessation of smoking and cannot be attributed to regression of coronary atherosclerosis. 28 Moderate alcohol consumption decreases the risk of IHD; however, heavy alcohol consumption increases the risk of cardiovascular disease, including stroke. 29 The effects of increasing alcohol consumption on hemostatic variables (Table 5) suggest possible explanations for these epidemiological findings. Alcohol consumption was independently associated with decreasing levels of fibrinogen and white cell count, which are consistently associated with IHD risk. 3, 30 On the other hand, heavy alcohol consumption was independently associated with increased levels of tPA antigen, as in 2 previous reports from the US Physicians Study 31 and the Edinburgh Artery Study. 32 These 2 studies have also reported that tPA antigen levels are associated with incident stroke, 33, 34 and a recent report has associated increased levels of tPA-PAI-1 complexes with incident stroke, especially hemorrhagic stroke. 35 Our finding that PAI-1 activity is also related to alcohol consumption, in a manner similar to tPA antigen (Table 5) , is consistent with a previous study, 36 raising the possibility that tPA-PAI-1 complexes are related to alcohol consumption. Fibrin D-dimer levels were unrelated to alcohol consumption, suggesting that the increased levels of tPA and PAI-1 in high consumers do not result in increasing turnover of cross-linked fibrin in vivo. However, the association of high-dose exogenous tPA as thrombolytic therapy for acute myocardial infarction with hemorrhagic stroke 37 suggests a possible role for alcohol-elevated endogenous tPA in hemorrhagic stroke. On the other hand, it should be noted that raised tPA antigen levels probably do not correlate with functional tPA activity and may relate more to endothelial cell disturbance (such as found with vWF).
Overweight and obesity, assessed by body mass index, are risk factors for IHD and maturity-onset diabetes mellitus. 38 Table 6 confirms that both tPA antigen and PAI-1 activity are strongly related to body mass index, in accordance with the literature. 39 -41 In the present study, obese men (body mass index Ͼ30 kg/m 2 ) had an Ϸ50% increase in PAI-1 activity compared with men of "ideal" body mass index (Ͻ25 kg/m 2 ), when adjusted for other lifestyle variables. This was accompanied by an Ϸ30% increase in tPA antigen and with no increase in cross-linked fibrin turnover in vivo, as assessed by fibrin D-dimer levels. There is some evidence that weight reduction reduces PAI-1 and tPA levels, 41 suggesting a causal relation. Increasing body mass index was also associated with increasing levels of fibrinogen and plasma viscosity, consistent with the literature, 4, 6, 16, 39, 40, 42 although, overall, there is little evidence that weight reduction reduces fibrinogen or viscosity levels. 42 Interestingly, body mass index was associated with total (nephelometrically assayed) fibrinogen rather than clottable fibrinogen (Table 6 ), which may be relevant to our finding that the former assay was a better predictor of incident IHD than the latter in this cohort. 8 Many cohort studies indicate that physical activity, particularly during leisure time, is a protective lifestyle activity against IHD, even in moderate doses. 43 Previous reports from the present cohort 7 and from others 43, 44 have associated leisure activity with decreasing fibrinogen levels. In the present study, adjustment for other lifestyle variables reduced this association to nonsignificance at the 1% level. Likewise, the association between fibrinogen and physical activity was no longer statistically significant after adjustment for smoking and social class in the Scottish Heart Health Study. 44 In combination with the conflicting data from intervention studies, 42 a causal association between leisure activity and fibrinogen remains to be proven by further studies. We observed no significant independent association of leisure activity with tPA or PAI-1 levels, which again is consistent with data from intervention studies. 45 In contrast, we observed independent associations of leisure activity with decreased levels of fibrin D-dimer and vWF (Table 7) . These novel findings suggest the possibility that leisure activity may reduce IHD risk by decreasing cross-linked fibrin turnover and endothelial disturbance in vivo. However, this hypothesis requires testing in randomized intervention trials of increased leisure activity.
A further important personal characteristic of middle-aged men is the prevalence of prescribed medication. Such medication may be prescribed for both acute and chronic illnesses, including symptoms of cardiovascular disease. Table 8 shows that fibrinogen, viscosity, white cell count, and D-dimer were all significantly higher in the men receiving prescribed medication. These findings may reflect effects of the underlying illness, effects of medication, or both. The effects of the underlying illness are probably most important, because all these hemostatic variables are recognized "acute-phase reactants," which increase nonspecifically in both vascular and nonvascular illnesses, which are common in comprehensive samples of the general population such as the present cohort. The associations of these variables with the acute-phase reactant proteins, ␣ 2 -macroglobulin and ␣ 1 -antitrypsin (Table  9) , are consistent with this suggestion. Adjustment for prescribed medication (received by almost 50% of men in this cohort, Table 8 ) is therefore important when considering the effects of lifestyle variables. Table 9 shows that tPA, PAI-1, nephelometric fibrinogen, and viscosity are correlated with blood pressure and lipids. These findings are consistent with the literature 4,6,22,39 -41 and may partly account for the associations of these hemostatic variables with correlated lifestyle variables such as alcohol, obesity, and leisure activity. However, a causal role for blood pressure and lipids in elevation of hemostatic variables remains to be established by large randomized controlled trials of the effects of blood pressure and lipid reduction on hemostatic variables. Lp(a) may be a risk factor for IHD, and it has been suggested that this may be mediated by effects on hemostatic variables: in particular, decreased lysis of intravascular fibrin may result from elevated Lp(a), which competes with plasminogen for binding to fibrin. 46 However, Table 9 shows no significant associations of Lp(a) with fibrinolytic variables; in particular, there was no association with fibrin D-dimer, a marker of turnover of cross-linked fibrin in vivo. The only association of Lp(a) was with clottable (but not nephelometric) fibrinogen, but the degree of association is small. Plasma homocysteine may also be a risk factor for IHD in the general population, possibly, in part, because of endothelial disturbance. 47 In the present study, homocysteine correlated weakly with vWF, D-dimer, and white cell count (Table 9 ). Although consistent with an effect of raised homocysteine on endothelial disturbance, fibrin turnover in vitro, and an inflammatory response, these associations were very weak.
In conclusion, our findings are consistent with the hypothesis that lifestyle risk factors for IHD and stroke (smoking, alcohol consumption, obesity, and leisure activity) may operate partly through changes in hemostatic variables that are risk predictors for cardiovascular events. Further large intervention studies are required to examine this hypothesis. In the meantime, these findings suggest that lifestyle modifications may result in decreased thrombotic tendency in the blood and increased ability of blood to flow. This may be relevant to the early decreased risk of cardiovascular events with lifestyle change, which precedes changes in atherosclerosis. 
